Urine analysis was conducted on male Muslims before, during and after Ramadan. Various changes in urine volume, osmolality, total solute, sodium, potassium, titratable acidity and urea in response to altered feeding and activity regimens were found. There were no detectable levels of ketones, protein, glucose, urobilinogen and haemoglobin. It was concluded that the body adapted to fasting during Ramadan and that there were no adverse effects on renal function.
S. H. C H E A H A N D O T H E R S
The changes in urine volume output, and excretion of Na+, K+, titratable acidity and osmotically active substances for each subject were calculated throughout the period of study by determining the overall mean ( X , ) for that subject and subtracting it from the individual values obtained during each collection (X,, where n = Pr, R1, R2, R3, etc.), i.e. X, -Xt. The mean change for each period was determined and the significance tested using Student's paired t test. Values of thirteen subjects who presented complete sets of values were subjected to this treatment.
R E S U L T S
Urine output before, during and after the month of Ramadan is shown in Fig. 1 . Although the 24 h urine output during Ramadan tended to be lower than that of the pre-fasting level, the decline was not significant (Fig. 1) . When the 24 h urine output was divided into three periods there was essentially no change in the overnight output. On the other hand, there was a significant decline in the volume for the morning samples in the 2nd and 3rd weeks of fasting; however, the output seemed to recover thereafter, so that the decline was not statistically significant by the last week of fasting. The urine output during the afternoon was depressed significantly throughout the fasting period, but recovered quickly to control levels within 1 week after the cessation of fasting. Two subjects in the 1st week of fasting, one subject in the 2nd week and three subjects in the 4th (final) week failed to present any urine in the afternoon collection.
The total amount of solute excreted in 24 h was lower during the fasting month; solute excretion returned to pre-fasting levels following the cessation of fasting (Fig. 2) . Solute excretion during the overnight and afternoon periods was generally depressed during Ramadan, with the lowest excretion during the final week, whereas the excretion in the morning was lowest during the 2nd week of fasting, with levels recovering to control levels thereafter.
Total 24 h Na' output declined significantly throughout the fasting period, the decline being greatest during the first 2 weeks of Ramadan (Fig. 3 ). There was a slight increase thereafter, with a strong rebound in the 1st week post-Ramadan. Overnight Na+ output also declined throughout Ramadan. The output increased in the 1 st week post-Ramadan; however, the output 1 month after Ramadan was significantly lower than pre-fasting levels. The output during the afternoon was significantly lower throughout Ramadan, except for the 3rd week, while the output in the morning was generally unchanged during fasting, except for a decrease in the 2nd week.
In general, the change in K+ output during Ramadan was less dramatic compared with the Na+ output (Fig. 4) . There was some decline in K+ output in the 24 h urine, but this was significant only in the 4th week of fasting. Except for a significant decline in the 1st week of fasting in the overnight collection, there were no significant changes in the morning, afternoon and most of the overnight output during Ramadan.
Titratable acidity in 24 h urine declined significantly during Ramadan (Fig. 5 ). This decrease was mainly attributable to the lower titratable acidity excreted during the overnight period.
The mean osmolality, and concentrations of Na+ and K+ in all the collected morning, afternoon and overnight samples (including from those subjects who missed one session or more) is shown in Table 1 . Osmolality in the morning and afternoon increased during Ramadan, as might be expected during a period of decreased volume excretion. The osmolality fluctuated without a discernible pattern in the overnight collections.
The concentrations of Na+ and K+ were not consistently increased during Ramadan even during the morning and afternoon when urine volumes tended to be decreased, and mostly were maintained near or even below pre-fasting levels.
Urine urea concentrations in all morning, afternoon and overnight samples increased and generally stayed above pre-fasting levels throughout Ramadan (Fig. 6(a) ). The estimated portion of urine osmolality (Osm,) contributed by urea and Naf and K+ salts throughout the period of measurement is shown in Fig. 6(6) . The changes in Osm, of the morning and overnight samples nearly paralleled the changes in urine osmolality (Table I) whereas the changes of Osm, in the afternoon samples in general differed from the variations in urine osmolality. Protein, glucose, urobilinogen, ketones, and haemoglobin were not detected in any urine sample throughout the period of the study.
D I S C U S S I O N
The results show that the altered activity and feeding schedules during the month of Ramadan induced several changes in urine output and content.
Although there was some decline in the 24 h urine output, this was not significant, mainly because the overnight urine output remained essentially unchanged ; only the afternoon output was consistently less than pre-fasting levels throughout Ramadan. In the morning collections, after an early decline during the first 2 weeks of Ramadan, the output increased again. These results indicate that the subjects were probably not subjected to severe stress of water deprivation during the month of Ramadan. The body adapted well to the lack of water during the day, and significant water conservation occurred only in the afternoon. The high ambient temperature of up to an average of 31" in the afternoon (Ooi & Chia, 1974) resulting in continuous water loss by sweat production, as well as the prolonged time interval of greater than 7-8 h since the last fluid ingestion, are contributing factors to increased renal water re-absorption and low urine volume in the afternoon collection. These results are consistent with the observation that Malaysian Muslims are essentially in water balance even during the period of fasting (Husain et al. 1987) . These results are also comparable to the findings of Mustafa et al. (1978) in their Sudanese subjects which showed that urine output remained high at night, while daytime urine volumes showed a decrease.
The results for Na+ and K+ excretion are at some variance with the findings of Mustafa et a/. (1978) for their Sudanese subjects. They reported that while Na' excretion during the day was decreased Na+ output during the night was unchanged during Ramadan. On the other hand, K' excretion was decreased during the day and increased during the night, giving an unchanged 24 h output. The reason for this difference is not clear, and could be the result of different dietary, cultural and climatic conditions.
The decrease in Na' excretion in Malaysian Muslims during Ramadan is consistent with that found in subjects undergoing energy restriction (Rapoport et al. 1965 ; Conzolasio et al. 1968; Drenick, 1980) . However, whether the body was in Na+ balance is not known, since electrolyte intake was not monitored ; but it is likely that electrolyte intake was reduced since food intake was reduced by about 20% during Ramadan (Husain et al. 1987) . The mechanism for the control of urinary Na+ excretion during and after Ramadan is probably quite complex, and factors including aldosterone, atrial natriuretic factor (ANF) and tubuloglomerular balance, which are in turn influenced by neural, hormonal and humoral factors (Early & Schrier, 1973; O'Connor, 1977; Hall et af. 1980; Moss, 1982; Carey & Sen, 1986; Atlas & Laragh, 1986 ) may be involved. The observation that overnight Na+ excretion was significantly lower 1 month after the end of Ramadan in spite of the return to normal feeding regimens was unexpected. The reason for this is not known. A recent study (Cooke et al. 1987) found that following the cessation of energy restriction, decreased urinary excretion of Na+ occurred for up to 1 month afterwards. The mechanism for this phenomenon is not known. It is possible that the continued lowered overnight Na' excretion after Ramadan may be due to a similar mechanism. Why it only occurs at night and not during the day is uncertain. However, it should be noted that in Ramadan the food restriction is less severe bhan in the previously mentioned study, and that it only occurs in the daylight hours, and this could have modified the post-fast lowered Na+ excretion phenomenon. The decreased excretion of Na+ in the overnight period was partly compensated by recovered Na+ excretion in the morning and afternoon, and thus, on a 24 h basis, Na' excretion in the pre-fast and post-fast periods is not different.
K+ output did not change as dramatically as Na+, although Kf intake was probably also decreased. This could have been due to the enhanced K+ secretion in the distal tubule in exchange for greater Na+ re-absorption (Thier, 1986) .
The decline in total titratable acidity and an absence of ketonuria suggests that ketoacidosis was not a feature of fasting during Ramadan in the male subjects. This is further supported by the fact that respiratory exchange ratio in the male does not change during Ramadan (Husain et al. 1987 ) and, thus, any adipose tissue breakdown that might have occurred must have been relatively slow. There was also a decrease in urine inorganic phosphorus excretion (S. H. Cheah, S. L. Ch'ng, R. Husain and M. T. Duncan, unpublished results) and the decline in titratable acidity may have been partly due to the decreased urine phosphate excretion which contributes to the urine titratable acid excretion (Cohen & Kassirer, 1980) . The reason why most of the decline in titratable acid occurred during the night is not clear. It could be partly due to the fact that urine P (and presumably phosphate) declined most greatly in the overnight samples.
The ability of the kidneys to excrete a relatively highly concentrated urine in the daytime shows that the body adapted adequately to the water deprivation during the day and that the concentrating ability of the kidneys remained unimpaired during Ramadan. On the other hand, the relatively constant osmolality exhibited by the overnight samples throughout the experimental period shows that the subjects were adequately rehydrated during the night period. The osmolality of urine is in large part determined by the concentrations of urea, sodium chloride and potassium chloride (Free & Free, 1975) . Na+ concentration in the urine declined in the first half of Ramadan in both the afternoon and overnight samples. During these intervals, the Na+ concentrations declined in spite of decreased (afternoon) or relatively constant (overnight) urine output, indicating that Na+ was being actively re-absorbed by the kidneys. In the overnight and morning collections the decline in Na+ concentration and its contribution to the urine osmolality was generally compensated for by the increase in urine urea concentration and, thus, the changes in Osm, paralleled the changes of total urine osmolality ( Fig. 6(b) and Table 1 ). In fact, the increase in urine osmolality in the morning samples during Ramadan could be associated with an increase in urine urea concentration. The lack of correlation in the afternoon urine between the changes in total osmolality and Osm, suggests that increases in urea concentration did not fully account for the changes in urine osmolality seen during Ramadan, and that some other yet undetermined substance(s) may be involved.
The regimen of altered feeding and activity had apparently no adverse effect on kidney function. Besides the ability to adjust the excretion of water and material throughout the day during and following Ramadan, there was no detectable urobilinogen, protein, or haemoglobin in the urine. Serum creatinine and urea measured in some subjects during mid-and the final week of fasting showed no increase from pre-or post-fasting levels; serum Naf and K+ also showed no gross changes beyond accepted normal values (S. H. Cheah, S. L. Ch'ng, R. Husain and M. T. Duncan, unpublished results). Thus, the integrity of kidney function appears to be intact.
The results presented indicate that fasting in Ramadan does not provoke the degree of changes in urinary output and electrolyte content as does strict and prolonged restriction of energy input (Rapoport et al. 1965; Weinsier, 1971 ; Drenick, 1980) . This could be due to the fact that food and water are available ad lib. between sunset and sunrise, and this generally compensates for their lack during the day. The body appears to adapt well to lack of water and food during the day, and to the presumed reduced intake of Na+ and K' throughout Ramadan with appropriate reduced solute and electrolyte output especially in the afternoon and night. Overnight Na+ excretion increased again after a maximum decrease in the 2nd week of fasting, and overnight Na+ excretion failed to return to prefasting levels even 1 month after Ramadan for reasons that can only be speculated upon at this time. There was no evidence of ketoacidosis since ketone concentrations in the urine were below the level of detection, and titratable acidity of the urine was reduced. There was generally no apparent adverse effect on kidney function.
